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ABSTRACT 

Creutzfeldt- Jakob disease (CJD) of humans and scrapie of animals are degenerative, transmissible neuro- 
logic diseases caused by prions. The on!y known mucrnrrcfeculcs within prions are prion proteins (PrP). The 
cDNA encoding the hamster prion protein (PrP 27-30) has been cloned and sequenced (Oesch et al % 1985). 
Using that hamster PrP cDNA, we screened a human retina cDNA library and sequenced the cDNA clone 
with the longest hybridizing insert. This insert was found to contain a long open reading frame (ORF) en- 
coding the human prion protein. Northern transfer analysis showed that a related poly(A)*RNA measuring 
-2.5 kb is expressed in a variety of human neuroectodermal cell lines. Human PrP differed from hamster 
PrP at 27 of 253 amino acids and at 98 of "59 ORF nucleotides. Conservation of PrP amino acid sequence 
between hamster and human is nearly 90%, reflecting similar structural features and shared antigenicity of 
the two proteins (Bockman et at., 1985). The human PrP sequence contained a presumptive ammo-terminal 
signal peptide of 22 amino acids, two hydrophobic segments of sufficient length to span membranes, and two 
possible sites for /V-glycosylation. The conservation between the hamster and human prion proteins suggests 
that they may have an jmporfarl role in r?llii5s- metabolism asri! may explain the similarities between scrapie 
and CJD. 



INTRODUCTION 

Creutzfeldt-Jakob disease (CJD», Gcrstmann- 
Straussler syndrome (GSS), and kuru in man and 
scrapie in animals have been grouped together because they 
are transmissible diseases and have similar histopathologic 
and clinical features (Hadlow, 1959; Gajdujck, 1977; Mas- 
ters et aL, 1981). Cornnon histological ieaiurcs are spongi- 
form degeneration of centra! ncrvy.^: oyster (CN.T; neu- 
rons, intense reactive astrocytic gnosis, and j?my!o:'ri plaque 
formation (Beck and Daniel, 1979; Kitamoto et ah, 1986). 
The only cell type which appears to be injured directly in 
these diseases is the CNS neuron and the only cell type 
which appears to renct tn tlx Ji:ess:.; i> the astrocyte. Ex- 
cept for transmissibility, none of the clinical or histological 
features is characteristic of a conventional infectious 
pathogen such as a virus. No virus has been demonstrated 
by electron microscopy and none has been isolated by cell 
culture procedures, hi addition, there is no inflammatory 
or immune response during the course of these diseases 
(ZIotnik and Stamp, Bee* and Da.i*:l, 1970- K>spe: 
etaL, 1982). 



Highly purified preparations of the scrapie agent con- 
sist primarily of a 27- to 30-kD sialoglycoprotein, which is 
inseparable from infectivity (Bolton et a/., 1982; Prusiner 
et at., 1982, 1983; McKinley et <//., 1983). In contrast to vi- 
ruses, no nucleic acid has been identified to date in these 
purified preparations. To distinguish the infectious agents 
causing CJD, GSS, kuru, and scrapie from viruses, the 
term '''prion'' -was introduced (Prusiner, 1982). The protein 
ir. pvrifiid preparations of prions was designated "PrP 
27-30" (McKinley *r a!. t 1983). 

Following the isolation of a cDNA encoding PrP 27-30 
(Oesch et aL> 1985), the origin and site of synthesis of the 
prion protein was established. PrP 27-30 was found to be 
encoded by a cellular gsne in hamsters. The gene product in 
norma! animals is a 33- ro 35-kD protein termed "PrP 
33-3*''-*-". This protein is also present in scrapie-infected 
hamsteis (Meyer et cL, 1986); however, an abnormal iso- 
forrn also appears in the CNS during the course of scrapie 
which h; t s been termed "PrP 33-35Sc" (Oesch et al y 1985; 
Parry <>r cL. 1936; Meyer et at., 1986). PrP 33-35& differs 
from the normal cellular isoform in three ways: First, the 
concentration of PrP 33-35^ does not change with age in 
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normal or scrapie- in fecrcd animals while the concent ration 
of PrP 33-35$ c increases 10-20 times during scrapie infec- 
tion. Second, the cellular isoform is rapidly digested by 
proteinase K, whereas the PrP 33-35 Sc isoform is only par- 
tially digested yielding PrP 27-30. PrP 27-30 was the only 
form of the prion protein found in highly purified prepara- 
tions of the scrapie agent because of a proteinase K diges- 
tion step in the purification procedure. Third, although 
both PrP 33-35C and PrP 33-35Sc are membrane proteins, 
upon detergent extraction PrP 33-35^ is solubilized while 
PrP 33-35 Sc polymerizes into amyloid rods (Meyer et aL, 
1986). 

In situ hybridization wirh the hamster PrP cDNA en- 
coding PrP 27-30 indicates that the pron protein isoforms 
are synthesized almost exclusively in CNS neurons since 
there are 10 to 50 PrP mRNA copies per neuron and less 
than three copies per cell in glial cells and normeural cells 
(Kretzschmar et aL, 1936). Recent immunohistochemiral 
studies with a monoclonal arribody specific for the prion 
protein (Barry and Prushicr, 1 <?S6) indicate th;;t both the 
normal cellular and scrapie isoforms are located h CNS 
neurons and their processes <5.J. DcArniond, D. DeMott, 
R.A. Barry, H.A. Krctzschniar, and S.B. Prssiner, in 
preparation). Late in the course of the disease, the scrapie 
isoform polymerizes into filaments and accumulates in the 
CNS extracellular space coalescing into arnyioid plaques 
(Bendheim et aL, 1984; C^Armon-l et aL, 1985; Xitamoio 
etaL, 1986). 

The number of PrP mRNA cop : es are the same in each 
nerve cell population ihrour.;hojt the :ourse of scrapie and 
are not different than in normal animal- (Kretzschmar e: 
aL, 1986). This is in agrcerr-eui with Vcrthern blot mea- 
surements of PrP mRNA hi harrier? (Oesch .?/ at'., 1985) 
and in mice (Chesebro at a!,, ]%.'>). These :lnrJingi raised 
the possibility that PrP 33-35 S(: is ge rented by p:>st-tra:isla- 
tional modification. 

Multiple experimental observations ruggest :hat th? 
etiologic agents causing CJD. GSS, and kuru are closely re- 
lated to the prions causing scrapie In animals. First, anti- 
bodies raised against handler PrP 2*7-30 react with protein- 
ase K-resistanr proteins purified from patients with CJD 
(Bockman et <?/., 19-35). Seco.n1, amyloid plaque- in CJD 
and GSS specifically bind antibocli.^ raised agai^t hamster 
PrP 27-30 (Kitamoto et aL, 1986). Third, the hamsv?r PrP 
cDNA identifies a related siue'e-copy sfqinncp in human 
genomic DNA (Oesch at , i9?«). 

In order to study 'he pa? hoge.v? sis of human prion dis- 
eases further, il -vas necessary to establish the molecular 
structure of the human prion protein. We isolated PrP-re- 
lated clones from i\ human rei'.na cDNA library (Nathans *u 
aL, 1986). A 2.9-fcb clone (M .tPrPc ON A- 1 ) \\c.z completely 
sequenced and a long open -eiding frame (ORF) encoding 
the prion protein wa;; iccmifieu. Another 2.4-kb clone 
(HuPrPcDNA-2) was panially sequenced, rad a cloning 
artefact in the untranslated 5' region of th: longer clone 
was defined. The human prior: prct-in consists of 2?>1 
amino acids preceded by a presumptive signal peppde of 22 
amino acids. The human prion prry.cin e^Irbit; S~" £rr o ho 
mology with the h armor proteir. 



MATERIALS AND METHODS 

A human retina cDNA library constructed in XgtlO 
(Nathans and Hogncss, 1983; Huynh et aL, 1985) from a 
total of 25 different individuals was obtained from J. 
Nathans at Stanford University. The library was screened 
using a hamster PrP cDNA probe under conditions of re- 
duced stringency (Shank et aL, 1978; Oesch et aL, 1985). 
Hybridization was performed at 42°C in 3x SSC 30% 
formamide. 0.05 M HEPES pH 7.4, 0.2 mg/ml salmon 
sperm DNA, 0.15 mg/mi yeast RNA, 0.02% bovine serum 
albumin, 0.02% polyvinyl pyrrolidone, and 0.02% Ficoll. 
Filters were washed in O.lx SSC, 0.1% NaDodSC at 
50° C and aiKoradiographed at -70°C using Dupont 
Cronex intensifying screens and Kodak XAR-5 film. 

Phage inserts were excised with Eco RI. The longest in- 
sert ( -2.9 kb, HuPrPcDNA-1) was propagated in pUC8 
(Vieira and Massing, 1982), digested with Eco RI and puri- 
fied on a I % agarose gel. It was then shotgun-cloned into 
MLIrnplS (Norrander et aL, 19S3) using Rsa I, Alu I, Hae 
III, Fnu DJI, Pst I, and Sma I digests. Large subclones 
v/erc cut back with T4 polymerase and religated in M 13 as 
described (Dale et aL, 1985). HuPrPcDNA-1 was se- 
quenced mostly on both strands (Fig. 1) using the dideoxy 
protocol (Sanger et aL, 1977; Biggin et aL, 1983). A 17-mer 
oligonucleotide way synthesized on an Applied Biosystems 
Model 3 SOB DNA Synthesizer and was used as a primer to 
sequence a gap in the 3' noncoding region (Fig. 1). A 
sinalSer insert ( - 2.4 kb, HuPrPcDNA-2) also was propa- 
gated in pUCS. The 5' and 3' ends, as well as the 3' end of 
the ORF, of this clone were "supercoil" sequenced (Chen 
and Se?burg, 1985). All sequences were read by two of the 
auth-::r. 

Poly (AV -enriched RNAs from human cell lines were a 
gift from Manfred Schwab (G.D. Hooper Foundation, 
University of California. San Francisco; Schwab et aL, 
J9&M aad poiy(A)*-enriched RNA from hamster glioma 
ceil !;nc HJC was a gift from D. Busier (University of Cali- 
fornia. San Francisco). Po!y(A)* RNA was electrophoresed 
on 2.2 M formaldehyde, 1% agarose gels, and transferred 
to nit-ocellulosc (Thomas, 1980), which then was baked 
and hybridized with "P-labeled hamster ORF (Westaway 
and Prusiner, 19S6) or full-length human cDNA probes. 
Approximately i0* cpm of nick-translated probes (Rigby et 
aL . 1977) were added per milliliter of hybridization fluid. 
Hybridization conditions with the hamster PrP cDNA 
pre be v/ere as described above for screening the cDNA li- 
brrvy in *vhicn lO°to formamide was used. With the human 
PrP cDNA procc, -tWo formamide was used. 



RESULTS 

Previous hybridization (Oesch et ai. . 1985) and immuno- 
chemical studies (Rock man oj aL, 1985) have implied that 
the human genome contains a PrP gene. As a prelude to 
cDNA cloning, we sought a PrP mRNA in human poly- 
CM'RNA isolate;' from a number of neuroectodermal cell 
lire* I ■:• determine the size of the PrP mRNA. mRNA was 
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FIG. 1. Sequencing strategy. ORFs are shown as boxes. Bold arrows and wavy line in HuPrP eDNA-1 represent 
stretches of inverted repeas-scqucnces. Thin arrows deno;e sequenced M13 subclones- Dark circles symbolize specially 
synthesized sequerm-, orimcrs. The 5' and 3' end, as wci: as the 3' end of the ORF of the HuPrP cDNA-2 were^uper- 
^i U 5 n 4 A consensus sequence was established by exclusion of incongruent sequences at the 5' ends of 
HuPrPcDNA-1 and HuPrPcDNA-2 (see also Fig. 3>. 



electrophoresed on a 1 % agarose gel and transferred to ni- 
trocellulose (Thomas, 1980). A hamster PrP cDNA sub- 
clone corresonding to the ORF (Westaway and Prusiher, 
J 986) was radiolabeled and hybridized. A single RNA spe- 
cies of -2.5 kb was observed in all the human poly(A)*- 
RNA samples on a Northern transfer (Fig. 2 A, lanes 1-5). 
A hamster glioma cell line poly(A)*RNA was electropho- 
resed as a control and exhibited a single species of 2.2 kb 
(Fig. 2 A, lane 6), a size which is in agreement with previous 
Northern transfers (Oesoh et a!., 1985). 

A human retina cDNA library was screened using a 
hamster PrP cDNA probe (Oesch et al. % 1985), and nine 
positive clones were identified and selected. Their inserts 
were excised with Eco Ri ar:d analyzed by agarose gel 
electrophoresis. The PrP-rdatcd inserts ranged in iiz-: 
from 1.4 to 2.9 .kb. The longe .t insert, measuring 2.9 kb 
(HuPrPcDNA-I), was subcioi:ci.i .fit:- pFJOi (VHra and 



Messing, 1982), purified, and radiolabeled. It was hybrid- 
izz3 to aliquots of the same human poly(A)*RNA samples 
us:C above. This probe detected transcripts of the same 
electrophoretic mobility as those detected by the hamster 
PrP probe (Fig. 2B, lanes 1-5). We attribute the reduced 
hybridization of the human PrP cDNA with the hamster 
po!y(A)*RNA control (lane 6) to two factors. First, the 
higher stringency conditions used in this analysis (40% vs. 
30% formamide); second, the full-length human cDNA 
used as a probe includes 1624 cDNA nucleotides of the 3' 
untranslated region which is 436 bases longer than the ham- 
ster and has only 22% homology with the hamster cDNA 
based on computer analysis of optimal alignment of 
stretch ?s o" 8 identical nucleotides in both sequences. In 
e?nri-£r.t. the ?20-bp hamster PrP probe fragment is derived 
mxnly /rom the ORF, which is highly conserved. 
The congruent pattern of hybridization to human poly- 
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FIG. 2. RNA transfer analysis. Lane I: Human mela- 
noma RPMI-7951; lane 2: human melanoma HT-144; lane 
3: human neuroblastoma Kelly; lane 4: human neuroblas- 
toma NMB; lane 5: human retinoblastoma V79; iane 6: 
hamster glioma HJC. Five n-.u^rums o.~ polyadenylated 
RNA were analyzed in each lane. A radiolabeled Hind III 
digest of phage X was used as size-marker. A. Hybridiza- 
tion with a hamster PrP cDNA subclone corresponding to 
the ORF (Westaway and Prusiner, 1986) (30% form- 
amide). B. Hybridization using the entire human PrP 
cDNA clone (40°/o formamide). 



(A)*RNA obtained with both the hamsler and human 
probes establishes the authenticity cf th- humar 2.9-fcb in- 
sert (HuPrPcDNA-I). Furthermore, we conclude that P: P 
poly(A)*RN r A is expressed in a variety of human neuroecto- 
dermal cell lines. 

The 2.9-kb insert (HuPrPcDNA-1) was then shotgun- 
cloned into MJ3mpl8 and sequenced using the dideoxy 
protocol (Sanger et a/., 1977; Biggin et ?/,, ]981) (Figs. 1 
and 3). Computer analysis (Conrad and Mount, J982) re- 
vealed that the first 407 nucleotides of this clone contained 
the exact complement of a stretch of 400 nucleotides fur- 
ther downstream (nucleotides 651-1050 in Fig. 3). Similar 
rearrangements in cDNAs have been described previously 
and models have been proposed to explain their appearand? 
(Fields and Winter, 198!; VoH;a:rt e! ai % 198.'). Specifi- 
cally, this sequence rear^ngr-ieiit (Fig. 4) could h^t 
arisen during first -si rand ;\nther; through ./ foiding back 
of the first cDNA strand on itself and use ot further down- 
stream sequences as a template for 5' extension. After un- 
folding of this loop (via der.aturationj and formation of a 
hairpin-loop at the new y end, seconds rani synthesis 
would then have proceeded in :h; usual way. T:i delineate 
the 5' untranslated region of the human PrP m?.NA, the 5' 
end of a 2.4-kb clone (HuPrP;DNA-2) was sequenced. 
Close to the 5 ! end, this done contained a short inverted re- 
peat corresponding to nucleotides 18-26 in Fig. 3. This re- 
peat might represent an ariefuc; dmilar to HjPrP;DNA 1. 
A consensus cDNA sequent -v ; ;>; established by excluding 
incongruent sequels at \h: y end:, of :h? HuP:?;DXA-T 
and HuPrPcDNA 2 (Figs. 1,5, uvA <). The lots! Imgth^f 



the consensus cDNA sequence is 2432 nucleotides, in good 
agreement with the mRNA size estimated from Northern 
blot analysis (2.5 kb). 

Close to the 5' end of the consensus sequence there are 
two ATG codons beginning at nucleotides 50 and 71. The 
nucleotide sequence surrounding the first ATG codon 
(ATTATGG) is consistent with the consensus sequence 
(ANNATGG) for eukaryotic initiation sites (Kozak, 1983). 
The sequence surrounding the ATG codon beginning at 
nucleotide 71 (TGGATGC) deviates from this consensus 
pattern. Thus, we conclude that the most likely site for ini- 
tiation of translation is the ATG codon beginning at nucle- 
otide 50. Following the putative initiation codon is a long 
ORF of 75!? bases. 

The .V noncoding region consists of 1624 nucleotides 
which includes numerous in- frame termination signals and 
I"- 7 A residues at the 3' end. Two possible polyadenylation 
signals arc found at positions 2356 (TATAAA) and 2392 
(ATT AAA). Both are variants of the consensus sequence 
AATAAA (Proudfoot and Brownlee, 1976) which have 
been described previously for the hepatitis-B surface anti- 
gen gene (TATAAA; Simonsen and Levinson, 1983) and 
the chick a-actin gene (ATT AAA; Fornwald et ai, 1982), 
respectively. The ATTAAA at position 2392 precedes the 
polyadenylation tract by 18 nucleotides and most likely 
represents the polyadenylation signal. 

The human PrP, predicted from this cDNA sequence, 
con iir.!s of 253 amino acids with a molecular weight of 
27.66.5.6; prior to post-translational modification. The 
amino terming displays a segment of 22 residues that are 
typical of sign?.! peptides (von Heijne, 1985). These include 
a \ ydrophebic wre (MLVLFV) and a small uncharged resi- 
due tC) ai tbc putative signal sequence cleavage site; we 
predict that the mature protein commences at the lysine res- 
idue at nucleotide 1 16, and prior to post-translational mod- 
ification has a molecular weight of 25,239 daltons. 



DISCUSSION 

Two cDNA clones encoding the human prion protein 
wen* iso'-ned from a human retina cDNA library. A con- 
sensu- nucleotide sequence was derived from these two 
clou:?. A comparison with the hamster cDNA (Oesch et 
ai, mS) shews 8^.1 % homology in the ORF. The 3' non- 
ccuK.'u region of the human cDNA is 436 nucleotides 
lows-:; than the corresponding hamster sequence, and the 
decree of homology within this region is considerably lower 
(TiKi) tr.cii : n the ORF (Fig. 5). 

The predicted amino acid sequence of the human PrP 
piotei.- was aligned with the hamster PrP sequence in Fig. 6 
(Ocsch et ai, 1985; K. Basler, B. Oesch, M. Scott, D. 
We?!; way, M. Wa!:h!i, D.F. Groth, M.P. McKinley, S.B. 
PimV.er, ami C. Weissmann, submitted). The protein se- 
qven: s d'ffe; in length by one amino acid (253 in human 
vs. 2 C > in hnrr.itiYs). In addition, 26 amino acid residues 
differ between :he hamster and the human sequences. This 
seqL'.:te;r divines (10.7«?o) is paralleled by 98 out of 759 
(12. _*"!•)) variation in the nucleotide sequence. Fourteen of 
thvs. arc mis vetches in the first position. 14 are mis- 
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r n 

HuPrPcDNA-1 r; ACTTATTTTTACG TTAACGT | G r \C 

HuPrPcDNA-2 CACCACACncr.ACCrc 00 '^"^" ^ggg^^AC " w 'agcagtcattatc 

HaPrPcDNA f!CCCGC(X;(:OTCC'. : ACrAGCAGACf"(;ACA Ar.GrACATr:CAGTCCACTf."CTCGCGTCCCTCGCAGATCAGCCATCATG 

FIG. 4. Consensus sequence of HuPrPcDNA. A consensus sequence was established by exclusion of incongruent se- 
quences at the 5' ends of HuPrPcDNA-1 and HuPrPcDNA-2. Nucleotides in bold letters represent the ends of a presumed 
cloning artefact. This presumptive artefact corresponds to the reverse complement of nucleotides 651-1050 in Fig. 3. Un- 
derlined nucleotides in HuPrPcDNA-2 and the consensus sequence might represent a similar artefact. A comparison of 
HuPrPcDNA-2 and the consensus sequence with the 5' untranslated region of the hamster shows that 24 of 33 nucleotides 
immediately preceding the first ATG codon (shown at the right margin) are identical. These are indicated by asterisks. The 
entire ORF of HuPrPcDNA-2 has been sequenced and was found to be identical with the ORF of HuPrPcDNA-1. In the 
5' untranslated region, the nucleotides GCAG are absent in HuPrPcDNA-2 and are represented by dots. 



Hamster PrP cDNA 




FIG. 5. Comparison of the nucleotide sequences of the 
human and hamster (Oesch et al, 1985; K. Basler, B. 
Oesch, M. Scott. D. Westaway, M. Walcbli, D r. Groth, 
M.P. McKinley, S.B. Prusiner, and C. Weissmann, sub- 
mitted) PrP cDNA sequences. Stretches of eight identical 
nucleotides in both sequences appear as short bars. 



matches in the second codon position, and 70 are mis- 
matches in the third codon position. Fifty-eight of these 
mismatches are silent changes. Seven of the amino acid dif- 
ferences occur among the 22 residues of :he putative signal 
sequence (Fig. 5), which is not surprising, since signal pep- 
tide sequence variation is well documented (Sabatini et al , 
1982; von Heijne, 1983). When the si?nai peptide is ex- 
cluded, the hamster and human PrP proteins; exhibit 
91.34% (211 out of 23!) amino acid sequence homology, 
with most of this divergence occurring within the carboxy- 
terminal half of Lhe molecule, eighteen of the 27 amino 
acid substitutions are conservative; oniy nine amino acid 
substitutions are nonconservativc (Table 1). The degree of 
sequence conservation between hamster and human Pr? i? 
consistent with filter hybridization experiments which 
reveal that rat, sheep, goat, nematode, Drcsophiia, and 
possibly yeast harbo; candidate Pi P gene sequences (West- 
away and Prusiner, 1986). Conservation extends to the 
chromosomal location of the prio»i pioiein gene wh : .ch has 
been assigned to chromosomo 20 in humans and the corre- 



sponding homologous chromosome 2 in mice (Sparks et 
al % 1986). This broad spectrum of phylogenetic conser- 
vation suggests that PrP molecules have an important func- 
tion in cellular metabolism. 

The atnino-verminal portion of the human prion protein 
contains two short repeats of GG(N/S)RYP beginning at 
amino acids 34 and 45 (Fig. 6). These are followed by five 
long repeats of P(H/Q)GGG(-/G)WGQ beginning at 
amino acid 51. "Conservation of these repetitive motifs be- 
tween the human and hamster PrP gene is perfect except 
for one substitution at residue 56 (Fig. 6). The high degree 
of conservation of these repeats suggests that they are im- 
portant for the function of the cellular PrP isoform. How- 
ever, vhe.y do not appear to be required for the transmission 
of scrapie since they are lost when the hamster scrapie 
prion protein isoform (PrP 33-35Sc) is digested in vitro with 
proteinase K generating PrP 27-30. Proteinase K digests 
the itrjrr: r;ter scrapie prion protein between residues 130 
and 111, since the amino terminus of PrP 27-30 is the gly- 
cine z\ residue J 3 1 (Prusiner et at. , 1 984; Oesch et al , 1985) 
(Fig 6). 

Th-r pred icted structure of the human and hamster prion 
proteins is consistent with their suspected role in the patho- 
genesis of prion diseases. In these diseases, the nerve cell 
membrane appears to be the primary target since the char- 
acteristic ultrastmctural feature is dilatation of neurites in 
the grey matter in association with focal necrosis and split- 
ting of th:; neuronal cell membrane (Chou et al , 1980). The 
predicted lunino acid sequence suggests that prion proteins 
ar>: membrane- bound since they contain two highly hydro- 
phobe regions capable of spanning the membrane (Oesch 
et al , ;985). The first, from amino acid 1 12 to 134, is long 
enough to span the unit membrane in a helical configura- 
tion and has two positively charged residues at its amino 
end which could anchor it to the membrane surface. The 
ssccrd is -it th? carboxy terminus of the protein and has the 
potential o anchor this end of the protein in the mem- 
brane Sadies of the transmembrane orientation of the 
prior, protein.-; are in progress (B. Hay, R. Barry, I. Lieber- 
bu;g, S.B. Prusiner, and V. I.ingappa, in preparation; J.F. 
Buan, R.J. Fktlerfck, M.P. McKinley, and S.B. Prusiner, 
in prr; iraiion). Hypothetical!)', the accumulation of ab- 
normal amount.- of the proteinase-! usistant prion protein 
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t r r 

Hu MANL<3CW^\TliFVATWSDL£LCK^ 

Ha SY L A MTV T 



Mo 



Mo 



75 100 



125 



Hu WGQPHGGGV7GQPHGGGWGQPHGGGWGQGGGTHS0WNXPSKPKTNMKHMAGAAAAGAVVGGLGGY 
Ha N 

Mo \j l V 

150 175 
I | 
Hu MLGSAMSRPI IHFGSDYE^RYYRENMHRYPNQVYYRPIvEDEYSN^ 
Ha MM N W N V Q N 

Mo V M N W Y 

2 ?0 225 250 253 

1 ! II 

Hu TKGENFTETDTOMMERVVEQMC ITQYERESQA YY QRGSSMVLFSSPPVILLISFLIFLIVG 
H * IX T QK DG PA M 



FIG. 6. Comparison of the human PrP sequence (Hu) with the hamster (Ha) (Oesch et aL, 1985; Basler et a/., sub- 
mitted) and the mouse equivalent (Mo) (Chesebro et aL y 1985). Identical amino acids are not shown. Only amino acid re- 
placements are presented. Unknown parts of the mouse sequence are represented by dots. 



in neuronal cell membranes might lead to spongiform de- 
generation of neurons. Indeed, immunohistochemical stud- 
ies in the hamster have shown increased concentrations of 
the scrapie prion protein specifically in grey matter areas 
undergoing spongiform degeneration (S.J. DeArmond, 
D. DeMott, R.A. Barry, H.A. Kretzschmar, and «S.B. 
Prusiner, in preparation). 

The propensity of the scrapie prion protein to polymerize 
into filaments which form amyioid plaques during scrapie 
(DeArmond et af. y 1985) and of antigenically related pro- 
teins to form into amyloid plaques in CJD and GSS, has 
been established by peroxidase immunohistochemistry with 
anti-PrP 27-30 antiserum (Kitamoto et aL, 1986). In addi- 
tion, purified PrP 27-30 forms into rod-like structures in 
vitro which are morphologically similar to the structures 
formed by proteins purified from other amyloids (Prusiner 
et al. y 1983). The prion protein rods aho have the histo- 
chemical characteristics of amyloid, thai is, they bind 
Congo Red dye which displays green birefringence in polar- 
ized light (Prusiner et aL, 1983). It is of interest that the 
hamster and human prion n interns have potential am phi- 
pathic helical regions similar to amjloid p: ote>n A that oc- 
curs in systemic amyloidosis secondary to chronic diseases 
such as tuberculosis. Th; anpliipathic region cf amyloid A 
protein can assume an a-belte! configuration with an apo- 
lar face and a polar face, the later ccntainiirg charged 
amino acid rejidixs (Segvest !9?6; L::Ve, 1981). The 

prion proteins contain two potentially hmph'.pajhic regions 
between the two hydrophobic transmembrane segments 
(J.F. Bazan, R.J. Fletiorli*, M.P. McXmky, and S.E. 



Prusiner, in preparation), Amphipathic sequences are also 
characteristic of apolipoproteins (Segrest et aL, 1974) 
which, by analogy, suggests that the prion protein could 
bind to the poiar ends of membrane phospholipids. 

Knowledge of the human PrP cDNA sequence will allow 
construction of synthetic peptides in regions apparently 
unique to man. Monospecific antisera raised against these 
peptides should distinguish human from rodent PrP mole- 
cules. Such reagents will be useful in testing models of 
prion replication. For example, mice are experimental hosts 
for both scrapie and CJD prions. It will be interesting to 
examine whether prions obtained after passage through 
mice exhi.bit human- or rodent-specific PrP determinants. 
In additiop, human monospecific antisera may offer ad- 
voiragcs over the present heterologous antisera for analysis 
and Jiagnosis of human transmissible encephalopathies. 

Considerable evidence is accumulating which shows that 
the sere pi*:, CJD, and GSS prion proteins are abnormal 
isofoj-ms of neuronal membrane proteins encoded by a cel- 
lular gene and that the formation of those proteins is a cen- 
tral pahogeo; event in prion diseases. This hypothesis 
is consistent with current knowledge about these diseases 
including observations showing that 10% of CJD cases are 
familial and GSS cases are dominantly inherited. These 
diseases, therefore, appear to be primary degenerative dis- 
orders of neurons caused by the accumulation of the ab- 
normal prion protein isoform. The unique feature of these 
disc? r.es is that the prion protein is also a major constituent 
of prions. 
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Tahli; 1. Nucleotide Mismatchi:s and Predicted Amino Acid Replacements 
Between Human and Hamster cDNAs 



Mismatch Amino acid Amino acid Polarity 

cod on position position human-hamster human-hamster* 



\ 


5 




\J 


- u 




8 


M-L 


9 


- 9 




155 


H-N 


© 


- O 




166 


M-V 




- # 




168 


E-Q 


G 


- o 




239 


E-Q 


e 


- o 


I -f 2 


232 


M-A 


© 


- © 


1 -f } 


19 


L-V 




- • 




203 


V-T 




- o 




229 


OR 


o 


- © 


1 + 2 +3 


5(3 


O-T 


o 


- o 






D 




0 




22' 7 


Q-G 


o 


- o 


-> 


6 


C-Y 


o ■ 


- c 




17 


S'-T 


o - 


- o 




> t 


S-N 


o - 


■ o 




143 


S-N 


o - 


o 




170 


S-N 


o - 


o 




215 


1-T 


$ - 


o 




220 


R-K. 


© - 


© 


2 4- 3 


10 


V-A 


® - 






15 


T--M 


o - 






145 


V-W 


o - 


® 


3 


138 


1-M 


0 - 






13$ 


]»M 


m - 






205 


M-l 




© 




25; 


l-M 







a ©, Positively charged; 0, relatively charged; Q. pour, uncharged; <§, hydrophobic; 
*, no equivalent in human cDNa. 
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